Objective: To evaluate the dietary habits among adult patients with moderate to severe atopic dermatitis and relate intake to clinical symptoms. Design: Data were obtained from a clinical trial. Setting: Five departments of dermatology at Norwegian University hospitals. Subjects: Outpatients, 46 men (median age 27 y) and 92 women (median age 28 y). Method: A quantitative food frequency questionnaire was ®lled in before attending the clinical trial. The results were compared to the diet of age-and sex-matched reference groups. Results: Male patients had higher content of re®ned sugar in their diet than reference men (P 0.014). Among female patients, the intake of saturated fatty acids was higher (P 0.049), whereas the intake of very long-chain n-3 fatty acids was lower (eicosapentaenoic acid, P 0.032, docosahexaenoic acid, P 0.017) than in the reference group. In both genders, more patients than reference subjects had vitamin D intake below recommended level. Furthermore, the female patients had signi®cantly lower intake of fruit compared to the reference group (P 0.002). No correlation was found between nutrient intake of the patients and their clinical scores. Conclusions: The patients's diet were fairly similar to the diet of reference groups. The intake of vitamin D and very long-chain n-3 fatty acids was low, especially among female patients. Furthermore, we could not detect any association between dietary habits and clinical status.
Introduction
Atopic dermatitis is a common, multifactorial and complex disorder (Kapp et al, 1989; Stone et al 1973; Binkley, 1992) , which is characterized as a chronic or chronicrecurrent in¯ammatory skin disease with marked pruritus.
In 10 ± 20% of pediatric patients food hypersensitivity is suspected to be an important factor in development of atopic dermatitis (Binkley, 1992) . It has therefore been quite common to advise patients to avoid foods which are likely to cause hypersensitivity, such as citrus products and other fruits as well as nuts, peas, ®sh and milk products. However, for adult patients, food hypersensitivity seems to be less important during development of the disease, and food restriction might be exaggerated. Very little documented information is available about the dietary habits among adult patients with atopic dermatitis, except from some intervention studies (Soter & Fitzpatrick, 1987; Bjùrneboe et al, 1987; Sùyland et al, 1994) . Therefore, we evaluated the intake of foods and nutrients in a group of adult patients with moderate or severe atopic dermatitis. The patients' diet is compared to the diet of age-and sex-matched reference groups, to examine if the intake of nutrients, especially the very long-chain n-3 fatty acids and vitamin D, was lower because of avoidance of some foods. Furthermore, we also evaluated the association between dietary intake of foods and nutrients to clinical signs of the patients with atopic dermatitis.
Subjects and methods

Study population
One hundred forty-®ve men and women with moderate to severe atopic dermatitis, according to the criteria of Hani®n & Rajka (1980) , were recruited to a clinical trial where the effect of supplementation with very long-chain n-3 fatty acids was studied (Sùyland et al, 1994) . The participants were selected among outpatients from all ®ve departments of dermatology at Norwegian University hospitals. Exclusion criterias were allergy to ®sh (de®ned by history), and systemic treatment or application of potent local corticosteroids that could in¯uence their clinical state. None of the patients used systemic steroids, UV therapy or group II, III or IV topical steroids during the trial or the last 4 weeks prior to starting dietary supplementation. Only treatment with an emollient cream or hydrocortisone cream was allowed during the trial.
We obtained dietary data from 138 patients, 46 men (median age 27 y, range 17 ± 45 y) and 92 women (median age 28 y, range 16 ± 63 y). The median body mass index (BMI) for male patients was 23. (Johansson et al, 1997) . The total sample (n 1200, response rate 60%) was drawn according to procedures for random sampling. From this study, two age-and sex-matched subgroups were selected for comparison with data from the patients. The reference groups included data for 46 men aged 17 ± 45 y (median 27 y) and 92 women aged 16 ± 68 y (median 29 y).
Dietary monitoring
Before start of the study, the patients' usual diet was assessed by a self-administered quantitative food frequency questionnaire. It comprised approximately 180 food items and was designed to cover the whole diet (Solvoll et al, 1993) . The frequency of consumption was given per day, per week or per month depending on the food item. The portion sizes were units such as slices, glasses, cups, pieces, deciliters and spoons. For all main meal food items the frequency of use ranged from 1 to 13 or more per month, and the portion size alternatives were ®ve. The portion sizes of the different food items were converted to weights on the basis of standard portions estimated from previous Norwegian studies. The validity of the questionnaire was evaluated in a group of elderly women. Spearman rank correlation coef®cients comparing intakes measured by the questionnaire and multiple weighed diet records for a total of 14 d ranged from 0.31 for vitamin C to 0.79 for carbohydrates, the median being 0.61 (Nes et al, 1992 ). An evaluation of the questionnaire was also performed among dermatologic outpatients (psoriasis and atopic dermatitis), who ®lled in the questionnaire and participated in a 48 h recall interview at the start and at the end of the above mentioned clinical trial. The Pearson correlation coef®cients for energy and 16 nutrients were on average 0.44 and 0.50 at the two examinations, respectively (Solvoll et al, 1993) . In addition, the dietary fatty acid pattern has been related to the fatty acid pattern in plasma phospholipids of 579 individuals (Andersen et al, 1996) . For all these studies we show that there is good correlation and classi®cation of subjects based on information from the food frequency questionnaire for the validated parameters.
The food frequency questionnaire was mailed to the patients, ®lled in at home and brought along to the ®rst physical examination at the outpatient clinics in the hospitals. The same food frequency questionnaire was used by the reference groups. The intake of energy and nutrients among patients as well as reference individuals, was calculated using a food data base developed at the Institute for Nutrition Research, University of Oslo (Nes et al, 1992) . Dietary supplements such as cod liver oil and ®sh oil capsules are included in the calculations. Data for men and women are presented separately, since the nutritional requirements and food habits are different for the two genders.
Clinical assessment
As a measure of the clinical severity of atopic dermatitis, the physicians' evaluation was used at the ®rst examination before start of the trial. Erythema, induration, pruritus, licheni®cation, scaling and area involved in atopic dermatitis were scored according to a 10-point scale. The highest score (10) represented severe dermatitis, whereas 0 represented no clinical signs or symptoms (Sùyland et al, 1994) . Clinical data were available from 45 men and 91 women. The median score values were 4.67 (range 0.83 ± 7.17) and 4.17 (range 1.13 ± 8.83) for men and women, respectively. The reference population was not examined for atopic dermatitis, but it may be expected that a few reference subjects were suffering from the disease. Although this may have been a source of bias, the results should not have been greatly affected.
Statistics
Median values with quartiles or ranges are presented. To evaluate the differences between groups, Wilcoxon signed rank test, and Spearman rank correlations were applied where appropriate. Relative risk ratio was calculated to evaluate the effect of diet on disease score. The statistical analyses were performed by use of the statistical package Minitab 10.0.
Results
The dietary intake among men with atopic dermatitis was similar to the intake of energy and nutrients in the reference group, except for higher intake of re®ned sugar among the patients (P`0.05, Table 1 ). Among women with atopic Table 2 ). Dietary intake of carbohydrates was lower (P`0.01), whereas the intake of re®ned sugar was slightly higher among patients than the female reference group (n.s.). The median energy derived from alcohol was one percent in the group of female patients, which was twice as high as in the reference group (P`0.05).
In comparison with recommended intake of nutrients, the diet among male and female patients with atopic dermatitis was rich in protein and fat, whereas the percent of energy derived from carbohydrates was low (Table 1 and 2). The intake of vitamin D and iron was lower than recommended in both groups of women. Only 12 of the patients (13%) and 22 of the reference women (24%) met the recommendations of 5 mgad of vitamin D.
The dietary fatty acid pattern was similar in the two groups of men, except for the ratio between polyunsaturated and saturated fatty acids which was lowest among the patients (Table 3 ). The male patients had markedly lower intake of the very long-chain omega-3 fatty acids than males in the reference group, although the differences were not statistically signi®cant. Median fat intake measured in the two female groups was similar (Table 3) . However, dietary intake of saturated fatty acids was signi®cantly higher among the female patients, than the reference women, whereas the intake of eicosapentaenoic acid (20 : 5, n-3) was lower (P`0.05). The ratio between eicosapentaenoic acid and arachidonic acid (20 : 4, n-6) was lower than the ratio found in the female reference group (P`0.05). This was also observed for the polyunsaturatedasaturated fatty acid ratio (P`0.01).
The male patients had similar intake of foods compared to the reference group, except for lower consumption of coffee, and higher intake of tea and wine (Table 4 ). More patients than reference subjects reported use of wine and this contributed to the higher intake of alcohol among male as well as female patients. The female patients with atopic dermatitis had lower intake of fruit, especially oranges (P`0.01) and orange juice (P`0.001), compared to women of the reference group (Table 4) .
The patients were evaluated according to nutrient intake and total clinical score including erythema, induration, pruritus, licheni®cation and total area of skin affected. 
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We did not ®nd signi®cant correlations between any of the nutrients and total clinical scores neither for male nor for female patients (data not shown). Also relative risk ratios (RR) were estimated, but the lack of relationship between diet and clinical symptoms remained unchanged (data not shown).
Discussion
The major ®nding in this study was that there were very few differences between dietary intake among patients with atopic dermatitis and age-and sex-matched groups from the Norwegian population. However, we observed some differences. The female patients in our study had higher intake of saturated fatty acids, whereas the intake of very long-chain n-3 acids was lower, compared to the reference group. The very long-chain n-3 fatty acids (eicosapentaenoic and docosahexaenoic acid) are found in fatty ®sh and products thereof (Drevon, 1992) . Our patients seemed to have somewhat lower intake of ®sh and ®sh products than the reference groups, but the differences were not signi®cant. In some cases ®sh allergy may provocate the clinical signs of atopic dermatitis (O'Neil et al, 1993) . The low dietary intake of very long-chain n-3 fatty acids, especially among our female patients, might therefore be caused by fear of being sensitive to ®sh, in spite of the fact that all our patients were selected as not being allergic to ®sh. Polyunsaturated n-3 fatty acids are essential and may affect cellular responses via eicosanoids, altered substrate function, acylation of proteins, lipid peroxidation, altered membrane¯uidity or interact with transcription factors (Drevon, 1993) . The very long-chain n-3 fatty acids may decrease activation of human T-cells in vitro Calder et al, 1992) . In eczematous skin disorders, activated T-cells are a major in®ltrating cell type (Zachary et al, 1985) . In a previous double-blind study, three months of supplementation with very long-chain n-3 fatty acids to patients with atopic dermatitis was superior to the supplementation with olive oil (Bjùrneboe et al, 1987) . In the much larger double-blind, multi-centre study, in which our presently studied atopic patients participated, dietary supplementation with very long-chain n-3 fatty acids or corn oil, both types of oil supplementation caused a signi®cant clinical improvement, compared with baseline scores, but there was no signi®cant difference between the two groups (Sùyland et al, 1994) . Thus, the lack of correlation between intake of n-3 fatty acids and expression of dermatitis is in accordance with the lacking effects of n-3 fatty acids supplementation (Sùyland et al, 1994) .
The patients in our study had low intake of citrus products, such as oranges and juice. Many atopic patients get local itching from citrus fruits (Arshad et al, 1992) , and this may be the reason for their low consumption of these fruits. However, the intake of vitamin C was not substantially lower compared to the reference group (Table 2) .
Dietary intake of vitamin D was very low among the female patients as well as in the female reference group, as compared to the recommended intake. Approximately 60% and 47% of the patients and reference women, respectively, had vitamin D intake below 2.5 mgad. Also more than half of the male patients had vitamin D intake below the recommended level. There are few vitamin D sources in the diet, fatty ®sh and forti®ed margarine being the most important. Low consumption of these foods will result in low intake of vitamin D. Whether their vitamin D status is satisfactory is unknown, since we did not evaluate their exposure to sunlight or the concentration of vitamin D metabolites in plasma.
Vitamin D and its analogues have multiple biologic effects on the immune response and on the skin (Texereau & Viac, 1992) . They belong to the multifunctional steroid hormones, and may alter gene transcription, cytokine secretion from monocytes and T-lymphocytes, as well as secretion of antibodies from B cells (Green, 1993; Hewison, 1992) . Moreover, proliferation of the keratinocytes in Table 4 Intake of foods (g per day) given as medians (25th and 75th percentiles)
Men
Women the epidermal skin is inhibited, whereas the differentiation is augmented by vitamin D and its analogues (Bikle & Pillai, 1993) . However, we did not ®nd any correlation between the low dietary intake of vitamin D and the total clinical score as an indicator of active dermatitis. In the group of male patients, higher intake of re®ned sugar was the only nutrient intake that differed signi®cantly from the intake of nutrients in the age-and sex-matched reference group. In both the affected group and in the reference group several subjects had low intake of thiamin. Thus, it is possible that high intake of carbohydrates represents an extra metabolic load that might be of importance for development of atopic dermatitis in genetically prone individuals (Williams et al, 1942) .
In conclusion, the dietary intake of energy and nutrients was fairly similar in the group of dermatologic outpatients and in the reference groups. Exceptions were higher intake of re®ned sugar among male patients, and higher intake of saturated fatty acids and lower intake of very long-chain n-3 fatty acids among female patients compared to the reference groups. The low intake of very long-chain n-3 fatty acids may be explained by low intake of fatty ®sh and ®sh products, which also resulted in low intake of vitamin D compared to recommended intake. The female patients had low intake of oranges and orange juice. However, association between the dietary intake of nutrients and the patients' total clinical score of atopic dermatitis was not found.
